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(54) IMPROVEMENTS IN EPICYCLIC CHANGE-SPEED 
TRANSMISSION SYSTEMS 



(71) We, A.B. VOLVO, a Swedish 
Body Corporate, of P.O. Box 382 S — 405 08 
Goteborg, Sweden, do hereby declare the in- 
vention:, for which we prray that a pwatent may 
5 be granted to lis, and the method by which 
it is to be performed to be particularly de- 
scribed in and by the following statement: — 
This invention relates to epicydic change- 
speed power transmissions and concerns in 

10 particular epicyclic gearing comprising three 
epicydic gear trains, the first and second 
trains each comprising an internally toothed 
annulus, an externally toothed sim wheel co- 
* axial with the annulus and at least one planet 

15 wheel meshing with both the sun wheel and 
die annulus and rotatably mounted in a planet 
carrier which itself is mounted for rotation 
about the common axis of the sim wheel and 
the annulus, the gearing induding braking 

20 means for sdectivdy holding predetermined 
' members of the gearing against rotation and 
dutching means for sdecdvely establishing 
driving connecrions between predetermined 
members of the gearing to achieve a series of 

25 diflEerent driving ratios between input and out- 
put members of the gearing whidi are coaxial 
with the first and second gear trains. 

According to the invention, there is pro- 
vided epicyclic gearing comprising first, second 

3Q and diird epicyclic gear trains of which the 
first and second gear trains eadi comprise an 
internally toothed annulus, an externally 
toothed sun whed coaxial with the annulus 
and at least one planet wheel meshing with 

35 both the sun wheel and the annulus and 
rotatably mounted in a planet carrier whidi 
itself is mounted for rotation about the 
common axis of the sun wheel and the 
annulus, the gearing including braking means 

40 for selectively holding predetermined mem- 
bers of the gearing against rotation and 
dutching means for selectively establishing 
driving connections between predetermined 
members of the gearing to achieve a series 

45 of different driving ratios between input and 
output members of the gearing ^idi are co- _ 



axial with the gear trains, wherein an inter- 
mediate member is rotationally connected to 
the driving members of three independently 
operated friction dutdies, the driven member 
of the first clutch is rotationally connected to 
the Sim gear of the second train, the planet 
carrier of the second train and the annulus 
of the first train are rotationally connected to 
each other and the first selectively-operable 
braking means and to the driven member of 
the second clutch, the driven member of the 
third dutch is rotationally connected to the 
sun gear of the first gear train, die sun gear 
of the second train is rotationally connected 
to second sdectivdy-operable braking means, 
and the planet carrier of the first train is 
rotationally connected to die annulus of the 
second train and to the output member and 
wherein the third epicyclic gear train: is con- 
nected between the input of the gearir^ and 
the intermediate member and is constructed to 
yield sdectivdy two alternative drive ratios in 
the same direction. 

British Patent No. 1331,048 demonstrates 
liiat a transmission containing three epicyclic 
gear trains will yidd five forward drive ratios 
and one reverse ratio when controlled by three 
braking devices and three du tc hi n g devices, 
whereas it will be shown that a transmissi<»i 
constructed according to the invention will 
yield at least seven useful forward drive ratios 
and two reverse ratios when controlled by the 
three braking devices and four dutdies and 
that the range between the lowest and the 
highest ratios is substantially greater than 
would be obtainable from die same three 
epicyclic gear trains employed in accordance 
with the said British Patent. 

Another advantage of the said arrangement 
is to provide a series of forward drive ratios 
in wiiich the increments between successive 
ratios at the higjier end of the series, that is 
the end at 'v^ch the output speed is greater 
in relation to input speed, may be smaller 
than those at the lower end of the series. 

An advantageous modification consists in 
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introducing into a change-speed tr^isimssMffl; 

■ of the type hereinbefore defined a free-wheel 
device adapted to forti a unidirectional hnk 
between the sun \vheel of ihe second tram and 
5 a driving member which is common to the 
three clutches whidi provide the fclwawe 
driving connections to the sun wheel of the 
first t^, to the planet cam« of the second 
Strain and to the sun wheel of the second tram, 
10 the said free-wheel device pr^venong tiie 
latter sun wheel from rotatmg faster than_toe 
said driving member when the latter meinBer 
is rotating in the normal drivmg direction, but 
freedy permitting relative rotation m the 
1^ opposite sense. . 
Tliis prevents a vehicle incorporatmg such 
a transmission from roUing backward on an 
up-hill gradient in the absence of suffiaent 
dxtviDS torque at the input member of tne 
20 transmission, so long as at least an indu-ect 
forward drive ratio is engaged. 

Further, it f adlitates and renders progressive 
a smooth transition from a direct-drive cai- 
dition to an overdrive condition, and vice 

25 



Embodiments dt the invention will now be 
described by way of example with reference 
to the accompanying drawings, m whicH:— 
Fig 1 is liie upper half of a diagram show- 
30 ing Ae layout of power transmission gearmg 
for an automotive vehicle, and 

Fig- 2 shows a modification which may lie 
applied to the transmission shown in Fig. 1. 

The transmission gearing shown m l^ig. i 
comprises a rotatably momited input member 

21 which in use is connected to the output 
element of a torque-converter (not shown), 
the input element of which may be dnven by 
a prime-mover such as a diesel engine. An 
40 intermediate member 1 carries a radial fl^gc 
2 to the periphery of which is attached a 
sleeve 3 CTnying tiie driving elements of 
tfTiee independently-operable friction clutches 
CrC2 aid C3. The driven elements of ihe 
45 thrie clutches CI, C2 and C3 ar^ earned by 
rSective radial flanges 4, 5 and 6 moun^^ 
respectively on sleeves 7 and 8 and a cen^ 
" sh^ 9 which are aU coaxial with Ae mter- 

mediate member 1 and sun wheel bl. 
cA At its other end, the central shaft 9 cames 
^ the sun gear wheel SI of a first epicychc gear 

train Tl which also indudes a rotatably 
mounted internally toothed annuliK Al ^d 
a set of four planet pinions PI eadi meshmg 
^Sboth theV wheel SI and the amulus 

Al and each being rotatably P^^^^ on a 
planet carrier LI which itself is mounted for 
rotation about the common axis of the sun 

. wheel SI and the annulus Al. 

^ The sleeve 8 terminates m a radial flange 

^ 11 forming part of the planet earner L2 of 
a second e^icycUc gear train T2 having a ^ 
gear wheel S2 secured to and coaxial with die 
fleeve 7, an intemaUy toothed annulus A^ 

^5 Sal with the second sun wheel and a 



set of four planet pinions P2 which are each 
rotatably motmted in the second planet carrier 
L2 and each mesh with both the second sun 
wheel S2 and the second annulus A2, the 
planet carrier L2 being mounted for rotation /U 
about the common axis of the sun wheel S2 

and annulus A2. . ^ 

The first annuhis Al is rotationally con- 
nected to the second planet carrier L2 by 
means of an extension sleeve 12 secured to 75 
the first annuhis Al and terminating m a 
flange 13 extending inwards to the second 
planet carrier L2, 

The second annulus A2 is rotationally con- 
nected by means of an annular flange 14 to 80 
the first planet carrier LI which in turn is 
secured to a radial flange 15 on a shaft 16 
which is coaxial with 5ie input member 1 
and central shaft 9. The shaft 16 forms the 
output member of the transmission giearing. 85 

A first brake BI has its rotary element 17 
rotationally connected to the first annulus Al 
and can thereby when energised hold the fiKt 
annulus Al stationary. A second brake B2 
similarly has its rotary element rotatiraally 90 
connected to the second sun wheel S2 and can 
accordingly be energised, independently of the 
first brake Bl, to hold the second sun whed 

S2 stationarv. ^ t * *.u^ «r 

A ti^e-wheel device 20, for example of the 95 
roller or sprag type, may be installed between 
the first annulus Al and the transmission 
casing to prevent the first annulus from 
rotating backward relative to the rotation of 
the inmit member 1 but allowmg Ae annulus 100 
Al to rotate freely in the forward direction 
when the first brake Bl ^ r^^^^;. J^^ 
facUitates smooth changing between ratios uy 
avoidmg the need for accurate co-ordmation 
of thTSperation of the brake Bl with that of 105 

the other controUing elemarts. 

The gear train T3 is sunilar to die trams 
Tl and T2 in that it comprises a sim wheel 
S3, an internally toothed annidus A3 and a 
set of four planet pmions P3 cadi meshmg no 
with both the third annulus A3 and the ttad 
smi wheel S3 and each being rotatably 
mounted on a planet carrier T.3. , 

The input member 21 of the gearing is m 
use secured to the output member of a torque- US 
cmverter (not shown). The input member 21 
is rotationally connected, to the third anni^ 
A3 by a radial flange 22 secured to both the 
overaU input shaft 21 and the tiiird annulus 
A3. A further radial flange 23 rotationally c»n- i20 
nects the planet carrier L3 to the intermediate 
shaft 1 of the gearing. A third brake B3 has ■ 
its rotary element 24 rotationally connected 
to the tMrd sun wheel S3. The third train T3 
may be locked up for en Wac rotauon (with i25 
the brake B3 released) by mear^ of a fourth 
clutch CA which in this embodimeiit is con- 
nected between the third^ wheel S3 and 
the third planet earner L3. A second free 
^eel device 25 is prderably included to pre- 130 
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vent backward rotation of the sun wheel S3, 
thereby avoiding ' the need for accurate 
synchronisation of operation of the brake B3 
relative to that of the clutch C4. 
5 It can be shown that liie engaging of the 
various brakes and/or clutches selectively in 
different combinations of three at a time will 
yield potentially eight different forward drive 
ratios and two reverse ratios, between the 

10 overall input and output members. 

The numerical values of these ratios will 
of course depend on the relative numbers of 
teeth on the sun wheel and annulus of each 
epicydic train. Each of the three epicyclic 

15 trains can be designed to have a specific 
relationship in this respect in order to provide 
a series of at least seven useful forward drive 
ratios and two useful reverse ratios. For ex- 
ample, the number of teeth on the first sun 

20 ^ed SI, relative to diat on the first annulus 
Al, is preferably between 0.45 and 0.55 when 
the transmission is adapted for use in a high- 
speed highway vehicle and between 0.25 and 
0.35 when it is adapted for use in an off- 

25 hi^way vdiicle. The corresponding relation- 
ship between sun wheel S2 and annulus A2 in 
the second train is preferably between 0.25 and 



0.35 and in the third train it is preferably 
between 0.5 and 0.6, the latter two trains 
being unaffected by the role for which the 30 
transmission is to be used. 

A further feature of the layout shown in 
Fig. 1 is that ratios suitable for each of the 
two roles of the transmission can be provided 
when specific tooth' numbers assigned to the 35 
members of each train are compatible with 
the employment in eadi train of at least four 
equally-spaced planet wheels, while, at the 
same time, the number of teeth in the 
annulus is the same for each of the three 40 
trains, thereby facilitating production of the 
annulus members by enabling their teeth to be 
cut by a single set of broaching tools. 

By way of example, a transmission suitable 
for a high-speed highway vehicle may have 45 
80 teeth in each annulus while the sun wheels 
of the first, second and third trains have 
respectively 40, 24 and 44 teeth, the nimiber 
of teeth on each planet wheel in each of these 
trains respectively being 20, 28 and 18. It 50. 
can be shown that such a transmission will 
yield at least the following ratios of output . 
speed to input speed when the brakes and/or 
clutches arc selectively engaged in craabina-. 
tions as indicated in the brackets: 55 









Drive Ratio 


Incremental 


1st speed (Bl + C3 + B3) 




0^15 : 


1 




2nd - 


(Bl + C3 + 04) 




0.333 : 


1 


1.55 


3rd - 


(B2 + C3 + B3) 




0.441 : 


1 


1.324 


4th - 


(CI + C3 + B3) 




0,645 : 


1 


1.462 


5th* - 


(B2 + C2 + B3) 




0,839 : 


1 


1.3 


6th - 


(CI + C3 + C4) 




1.000 : 


1 


1.192 


7th - 


(B2 + C2 + C4) 




1.3 


1 


1.3 


Reverse 1(B1 + CI + B3) 


■WB 


-0.194 


1 




Reverse 2 (Bl + CI + C4) 




-0.3 


1 


1.55 



* A further speed corresponding to (B2 + C3 + C4) gives a drive ratio 
0.684:1 which is too close to 4th speed to be useful. 



The transmission constructed in accordance 
with the foregoing example can be adapted 
to suit an off-highway vehicle by exchanging 
60 the first sun wheel SI for one havmg 24 
teeth and exchanging the planet carrier LI 



and planets PI of the first train for a carrier 
having 28-tooth planets. The adapted trans- 
mission can be shown to yield at least the 
following ratios: — 
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1st speed <B1 + C3 + B3) - 
2nd - (Bl + C3 + C4) - 
3rd - (B2 + C3 + B3) - 
4th - (B2 + C3 + C4) - 
5th*- (B2 +C2 +B3) - 
6th - (C1 + C3 +C4) - 
7th - {B2 + C2 + C4) - 
Reverse 1 (Bl ^ CI * B3) - 



1,522,616 
Drive Ratio 
0.149:1 
0.231: 1 
0.365:1. 
0.565:1 
0.839:1 
LO :1 
1.3 :1 
-0.194:1 



Incremental Ratio 

1.55 

1.58 

1-55 

1.48 

1.192 

1.3 

1.55 



Reverse 2 (Bl + CI + C4) - -0.3 : 1 , 

* A further speed ,(C1 + C3 + B3) yielding a drive ratio of 0.645 is 
available. 



In the modification shown in Fig. 2, a free^ 
wheel device 31 is installed between Ae 
driving and driven members of the clutch CI 
5 of the gearing of Fig. 1. The free-wheel 
device 31 is so constructed as to prevent the 
second sun wheel S2 from rotating faster than 
the driving sleeve 3 when the latter is rotating 
in the normal driving direction, but to permit 
10 free relative rotation in the opposite sense. 

The free-wheel device 31 may be any of *e 
known types in viiich there are first and ^cond 
rotary members mounted coaxially with one 
anothCT and a series of roUers or sprags dis- 
15 posed between the said members are adapted 
to wedge Aemselves to act as a driving limc 
between the two members whenever there is 
a tendency to relative motion between the 
two members in one specific direction, while 
20 freely permitting relative motion of the two 
members in the opposite sense. 

Such a free-wheel device may convemently 
be installed within the clutch CI, the first 
rotary member of the free-wheel device being 
25 rotationally connected to the drivmg member 
of the said clutch and the second rotary mem- 
ber bemg rotationally connected to the driven 
member of the said clutch, which driven^mem- 
ber is also rotationally connected to the sun • 
30 wheel S2 of the second train T2; 

The operation of die modification is as 
fdlows: When the transmission is set for any 
indirect forward drive ratio one or other of 
the dutches C2 and C3 must be engaged and 
-ic one of the braking devices Bl or B2 is holding 
stationary either the first annulus Al or the 
second sun wheel S2. In these circumstances 
any backward rotation of the common driving 
sleeve 3 is prevented by tiie free-wheel 31 
40 because the sun wheel S2 of ^e second tr^ 
Sd then either be locked by its brake B2 



or would tend to rotate oppositely to the back- 
ward rotation of the common driving member 
3, and since the latter is tinable to have back- 
ward rotation it follows that the transmission 
output siiaft 16 is also prevented from back- 
ward rotation in these circumstances; thus the 
vehicle is prevented fro m rol ling backward 
iir^ecdvely oFtEe vilue of the driving torque 
from the prime-mover, 

if the annulus Al of the first train is pro- 
vided with the free-wheel device 20 to pre- 
vent its backward rotation, it will be seen that 
the vehide is thus also prevented from rolling 
back when Ac direct-drive Tatio is engaged 
and none of tiie braking means is applied. 

The vehicle may be driven forward in the 
direa-drive ratio by engagmg the dutch C2 
without engaging either of the dutdies CI or 
C3 since the f rec-whed device 31 coimectcd 
across CI prevents the second stm wheel 152 
from overrumiing the common driving sleeve 
3, so as its tendency imder the influence of 
positive driving torque applied in tiiese 
drcumstances. From this driving condition it 
is possible to make the overdrive ratio efFec- 
tive merely by engaging the brake B2 to hold 
the second sun whed S2, since the free-wheel 
device 31 will automatically release its grip 
v^en the brake B2 takes over tibe torque re- 
action from it. This renders unnecessary tiie 
usual critical operation of co-ordinating die 
release of a friction clutch with the effective 
engagement of the brake. Consequently, a 
smooth transition from the direct-drive ratio 
to overdrive ratio, and vice versa, can be 
- achieved by progressivdy engaging (or dis- 
oigaging, as die case may be) the overdrive- 
engaging braking means B2. 

The brakes and dutches used in the con- 
struction of the invention may take any form, 
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but preferably they are of the t>pc in which 
discs faced with suitable friction materia! are 
interleaved with other discs and pressed into 
mutual .frictional contact by the application of 
5 fluid pressure to an actuator or actuators in- 
corporated in the brake or dutdi device. 
Details of their construction and of the con- 
struction of the gear trains may. follow con- 
ventional practice in the art. 

10 WHAT WE CLAIM IS:— 

1. Epicyclic gearing comprising first, 
second and third epicyclic gear trains of which 
the first and second gear trains each comprise 
an internally toothed annulus, an externally 

15 toothed sun wheel coaxial with the annulus 
and at least one planet wheel meshing with 
both the sun wheel and the annulus and 
rotatably mounted in a planet carrier which 
itself is mounted for rotation about the 

20 conmtion axis of the sun wheel and the 
annulus, the gearing including braking means 
for selectively holding predetermined mem- 
bers of the gearing against rotation and clutch- 
ing means for selectively establishing driving 

25 connections between predetermined members 
of die gearing to achieve a series of different 
driving ratios between input and output 
members of the gearing ^ich are coaxial 
with the gear trains, wherein an intermediate 

30 member is rotationaily connected to the 
driving members of three independently 
operated friction dutdies, the driven member 
of the first dutch is rotationaily connected to 
the sun gear of the second tram, the planet 
35 carrier of the second train and the aimoius 
of the first train are rotationaily connected to 
each other and to first sdectively-operable 
braking means and to the driven member of 
the second clutch, the driven member of* the 
40 third dutch is rotationaily connected to the 
sun gear of the first gear ti-ain, the sun gear 
of the second train is rotationaily conneaed 
to second selectively-operable braking means, 
and the planet carrier of the first train is 
45 rotarionally connected to the annulus of the 
second train and to the output member and 
wherein the third ei>icydic gear train is con- 
nected between the input of the gearing and 
the intermediate member and is constructed 
50 to yidd selectivdy two alternative drive ratios 
in the same direction. 

2. Epicyclic gearing accor ding to daim 1, 
wherein the first, second and third dutches 
are all located physically on the same side of 

55 the second train as the input member, and 



the driven member of die second clutch is 
rotationaily connected to the second planet 
carrier by a sleeve passing through the second 
sun wheel and its connection to the driven 
member of the first clutch, and the driven 60 
member of the third dutch is rotationaily 
connected to the first sun wheel by a shaft 
passing through the sleeve. 

3. Epicydic gearing according to daim 1 

or 2, wherein the third epicydic gear train 65 
comprises a toothed third sun wheel, an inter- 
nally toothed third annulus and at least one 
planet wheel rotatably mounted in a third 
planet carrier and meshing with both the third 
sim wheel and die third aimulus, die third 70 
planet carrier being rotatiooaDy comected to 
the intermediate member, the third annulus 
being rotationaily connectei to the input mem- 
ber, and a fourth clutch is sdectively- 
operably to connect two elements of the third 75 
train together to lode up the third train, and 
indcpendentiy operable third braking means 
are operable to hold the third sun wheel 
stationary with the fourth clutch disengaged. 

4. Epicydic gearing according to claim 4, 80 
and including a free-wheel device for prevent- 
ing backward rotation of the third sun wheel.. 

5. Epicyclic gearingaccording to ai^ of tl}e 
preceding claims, and including a free-wheel 
device adapted to form a unidirectional link 85 
between the second sun whed and the inter- 
mediiate member, the said free-wheel device 
preventing the second sun wheel from rotating 
faster than the intermediate meniber when the 
intermediate member is rotating in the normal 90 
driving direction, but freely permitting rela- ' . 
tive rotation in the opposite sense. 

6. Epicyclic gearing according to claim 5, 
where the free-whed device is incorporated 

in the first dutch. 95 

7. Epicydic gearing according to any of 
the preceding daims, characterised by a free- 
wheel device for preventing backward rotation 
of the first annulus. 

8. Epicydic gearing substantially as herein- 100 
before described with reference to Fig. 1 ci 

the accompanying drawings. 

9. Epicyclic gearing according to daim 8, 
modified substantially as hereinbefore de- 
scribed with reference to Fig. 2 of the accom- 105 
panying drawings. 

REDDIE & GROSE, 
Agents for the Applicants, 
6, Brcam*s Buildings, London, EC4A IHN. 
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